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Arynes are highly active intermediates that are widely utilized
in synthetic chemistry. Using Kobayashi’s method [1], arynes
can be generated through fluoride-induced 1, 2-elimination
reaction of o-(trimethylsilyl) aryl triflates under extremely mild
conditions. Based on this efficient protocol, aryne chemistry
has showed dramatic progress in the past decades [2–7]. In
particular, arynes have been used widely in the synthesis of
versatile heterocycles under metal free conditions. Through
1,3-dipolar cycloaddition [8–16], Diels-Alder reaction [17–23]
and insertion–cyclization reactions [24–36], a variety of biolog-ically active heterocycles, such as indazoles [8], benzotriazoles
[9,10], imidazolidines [11], pyrrolidines [11], benzothiazoles
[12], oxindoles [17], isoquinolines [18], and xanthones [24–26]
have been synthesized.
Recently, the insertion–cyclization reactions of arynes with
amino carbonyl compounds provide a powerful strategy for
the construction of nitrogen containing heterocycles. The syn-
thesis of acridines [27], indolines [28], isatines [27], quinazoli-
nones [29], benzisothiazoles [30], diaminobenzenes [31] and
carbazolequinones [32] has been documented through this
insertion–cyclization cascade reaction. Our group has also
reported [33–35] the insertion–cyclization cascade reactions
between arynes and amino ketones, providing novel
protocols for the synthesis of indoles, indolines and
tetrahydroisoquinolines.
Aza-MBH adducts are significant building blocks in
organic synthesis [36]. These adducts can be considered as a
type of amino carbonyl compounds with an electron deficient
carbon–carbon double bond. We hypothesized that the amino
group of aza-MBH adducts can insert into aryne and trigger
interesting cyclization reactions. In this work, we report a
novel N-insertion–cyclization–ene cascade reaction betweenductsN-
2 L.-L. Liu et al.aza-MBH adducts and arynes to afford cyclization products
and N-arylation products.
2. Experimental
All reactions were conducted under nitrogen atmosphere in
oven-dried glassware with magnetic stirring bar. Anhydrous
THF, ether, and toluene were distilled from sodium, anhy-
drous CH2Cl2 and CH3CN were distilled from calcium
hydride. 1H NMR (400 MHz, CDCl3),
13C NMR (100 MHz,
CDCl3) spectra were recorded using tetramethylsilane as an
internal standard and reported in ppm (d). Aza-MBH adducts
were prepared according to the literature procedure [41,42].
2.1. General procedure for the reaction of aryne and aza-MBH
adducts
To a mixture of aza-MBH adduct 2 (0.1 mmol), TBAT
(216 mg, 0.4 mmol) in anhydrous THF (1.0 mL) was added
2-(trimethylsilyl) aryl triflate 1a (48 lL, 0.2 mmol) under N2
atmosphere. The mixture was stirred at room temperature
until full consumption of the starting aza-MBH adduct 2 as
indicated by TLC. The reaction mixture was then diluted with
ethyl acetate, filtered through a short pad of silica, and concen-
trated. The crude product was purified by flash column chro-
matography on silica gel (PE/EtOAc, 20:1–3:1) to give the
desired 4-quiolones 3 and N-arylation products 4.
2.2. 3-Benzyl-1-(4-methoxyphenyl)-2-phenylquinolin-4(1H)-
one (3a)
12 mg, 20% yield; white solid, m.p. 156.0–156.7 C; 1H NMR
(400 MHz, CDCl3) d= 8.62 (dd, J= 8.0, 1.6 Hz, 1H), 7.47–
7.33 (m, 2H), 7.19–7.04 (m, 6H), 6.99–6.90 (m, 6H), 6.81–
6.72 (m, 3H), 3.80 (s, 2H), 3.75 (s, 3H); 13C NMR
(100 MHz, CDCl3) d= 177.3, 159.2, 152.6, 142.4, 141.5,
135.1, 134.4, 134.3, 132.3, 131.6, 131.1, 129.9, 128.6, 128.3,
127.7, 126.7, 125.4, 123.5, 121.5, 118.1, 114.4, 55.4,
32.6 ppm; HRMS (EI): m/z calcd for C29H24NO2 [M+H]
+
418.1807, found 418.1818.
2.3. Methyl 2-(((4-methoxyphenyl)(phenyl)amino)(phenyl)
methyl)acrylate (4a)
22 mg, 60% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.28–7.11 (m, 7H), 7.00–6.95 (m, 2H), 6.80–6.72 (m,
3H), 6.72–6.66 (m, 2H), 6.39 (s, 1H), 6.29 (s, 1H), 5.77 (s,
1H), 3.77 (s, 3H), 3.68 (s, 3H); 13C NMR (100 MHz, CDCl3)
d= 167.0, 156.8, 148.6, 140.5, 138.8, 137.8, 130.6, 129.3,
128.6, 128.2, 128.1, 127.3, 118.4, 116.8, 114.1, 64.3, 55.3,
51.9; HRMS (EI): m/z calcd for C24H24NO3 [M+H]
+
374.1756, found 374.1759.
2.4. 3-Benzyl-2-(4-chlorophenyl)-1-(4-methoxyphenyl)
quinolin-4(1H)-one (3b)
16 mg, 36% yield; white solid, m.p. 189.0–189.5 C; 1H NMR
(400 MHz, CDCl3) d= 8.60 (dd, J= 8.0, 1.6 Hz, 1H), 7.49–
7.35 (m, 2H), 7.19–7.06 (m, 5H), 7.03–6.95 (m, 4H), 6.93–
6.84 (m, 2H), 6.85–6.75 (m, 3H), 3.80 (s, 5H). 13C NMRPlease cite this article in press as: L.-L. Liu et al., Reaction of aryne with aza-Morita–
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134.4, 132.9, 132.0, 131.8, 130.9, 129.5, 128.5, 128.2, 128.0,
127.98, 126.7, 125.5, 123.7, 121.6, 118.0, 114.7, 55.5,
32.4 ppm. HRMS (EI): m/z calcd for C29H23ClNO2 [M
+H]+ 452.1417, found 452.1427.
2.5. Methyl 2-((4-chlorophenyl)((4-methoxyphenyl)(phenyl)
amino)methyl)acrylate (4b)
34 mg, 56% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.53–7.35 (m, 4H), 7.31–7.11 (m, 7H), 6.70–6.65 (m,
2H), 6.40 (s, 1H), 6.24 (s, 1H), 5.79 (s, 1H), 3.77 (s, 3H),
3.49 (s, 3H); 13C NMR (100 MHz, CDCl3) d= 168.1, 157.2,
149.9, 140.9, 139.2, 135.1, 133.3, 130.9, 130.3, 128.9, 128.8,
119.0, 116.8, 114.4, 55.4, 51.9, 47.7; HRMS (EI): m/z calcd
for C24H23ClNO3 [M+H]
+ 408.1366, found 408.1372.
2.6. 3-Benzyl-2-(4-fluorophenyl)-1-(4-methoxyphenyl)quinolin-
4(1H)-one (3c)
19 mg, 35% yield; white solid, m.p. 115.0–115.4 C; 1H NMR
(400 MHz, CDCl3) d= 8.63 (dd, J= 8.0, 1.6 Hz, 1H), 7.70–
7.64 (m, 2H), 7.47–7.39 (m, 3H), 7.15–7.10 (m, 2H), 7.00–
6.97 (m, 3H), 6.90–6.85 (m, 3H), 6.82–6.78 (m, 3H), 3.82 (s,
2H), 3.79 (s, 3H); 13C NMR (100 MHz, CDCl3) d= 177.3,
159.3, 151.7, 142.4, 141.4, 135.0, 132.2, 131.7, 131.54, 130.9,
128.5, 127.94, 127.87, 126.7, 125.5, 125.0, 123.6, 121.8, 118.1,
115.2, 114.9, 114.6, 55.4, 32.5 ppm. HRMS (EI): m/z calcd
for C29H23FNO2 [M+H]
+ 436.1713, found 436.1706.
2.7. Methyl 2-((4-fluorophenyl)((4-methoxyphenyl)(phenyl)
amino)methyl)acrylate (4c)
20 mg, 50% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.24–7.10 (m, 7H), 6.80–6.62 (m, 4H), 6.70–6.64 (m,
2H), 6.40 (s, 1H), 6.23 (s, 1H), 5.83 (s, 1H), 3.77 (s, 3H),
3.68 (s, 3H); 13C NMR (100 MHz, CDCl3) d= 168.2, 157.2,
149.6, 141.2, 139.2, 131.8, 131.7, 128.9, 128.8, 118.9, 116.6,
115.8, 115.6, 114.4, 55.4, 51.9, 47.7; HRMS (EI): m/z calcd
for C24H23FNO3 [M+H]
+ 392.1662, found 392.1657.
2.8. 3-Benzyl-2-(4-bromophenyl)-1-(4-methoxyphenyl)
quinolin-4(1H)-one (3d)
27 mg, 42% yield; white solid, m.p. 95.0–95.8 C; 1H NMR
(400 MHz, CDCl3) d= 8.61 (dd, J= 8.0, 1.2 Hz, 1H), 7.74–
7.61 (m, 3H), 7.49–7.33 (m, 6H), 7.02–6.92 (m, 3H), 6.85–
6.74 (m, 4H), 3.80 (s, 5H); 13C NMR (100 MHz, CDCl3)
d= 177.3, 159.38, 151.34, 142.4, 141.3, 135.0, 133.3, 131.7,
131.22, 130.85, 128.5, 127.9, 127.8, 126.7, 125.5, 123.7, 122.6,
121.6, 118.0, 114.7, 55.5, 32.4 ppm; HRMS (EI): m/z calcd
for C29H23BrNO2 [M+H]
+ 496.0912, found 496.0917.
2.9. Methyl 2-((4-bromophenyl)((4-methoxyphenyl)(phenyl)
amino)methyl)acrylate (4d)
23 mg, 51% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.53–7.45 (m, 1H), 7.38–7.32 (m, 3H), 7.25–7.18 (m,
4H), 7.08–6.97 (m, 5H), 6.80–6.68 (m, 3H), 3.77 (s, 3H), 3.50
(s, 3H); 13C NMR (100 MHz, CDCl3) d= 171.1, 155.8,Baylis–Hillman adducts: Synthesis of 4-quinolones and N-arylation productsN-
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121.5, 114.5, 55.4, 51.5; HRMS (EI): m/z calcd for
C24H23BrNO3 [M+H]
+ 452.0861, found 452.0867.
2.10. Methyl 4-(3-benzyl-1-(4-methoxyphenyl)-4-oxo-1,4-
dihydroquinolin-2-yl)benzoate (3e)
18 mg, 32% yield; white solid, m.p.180.0–180.7 C; 1H NMR
(400 MHz, CDCl3) d= 8.61 (dd, J= 8.0, 1.2 Hz, 1H), 7.85
(d, J= 8.4 Hz, 1H), 7.72–7.62 (m, 1H), 7.50–7.43 (m, 1H),
7.42–7.37 (m, 1H), 7.14–7.09 (m, 2H), 7.05–6.94 (m, 6H),
6.85–6.71 (m, 3H), 3.92 (s, 3H), 3.79 (s, 2H), 3.77 (s, 3H);
13C NMR (100 MHz, CDCl3) d= 177.2, 166.4, 159.4, 151.4,
142.4, 141.2, 138.9, 135.0, 131.8, 130.9, 129.8, 129.1, 128.5,
128.0, 127.9, 126.7, 125.6, 125.1, 123.7, 121.3, 118.0, 114.6,
55.4, 52.3, 32.3 ppm; HRMS (EI): m/z calcd for C31H26NO4
[M+H]+ 476.1862, found 476.1869.
2.11. Methyl 4-(2-(methoxycarbonyl)-1-((4-methoxyphenyl)
(phenyl)amino)allyl)benzoate (4e)
25 mg, 58% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 8.08–7.99 (m, 1H), 7.68–7.62 (m, 1H), 7.43–7.35 (m,
2H), 7.11–6.98 (m, 5H), 6.83–6.71 (m, 4H), 6.48 (s, 1H), 6.34
(s, 1H), 5.88 (s, 1H), 3.76 (s, 3H), 3.50 (s, 3H), 1.83 (s, 3H);
13C NMR (100 MHz, CDCl3) d= 167.9, 166.6, 157.1, 149.5,
140.8, 139.4, 139.3, 131.8, 130.1, 129.6, 129.4, 128.8, 128.7,
119.0, 116.7, 114.4, 55.4, 52.3, 52.0, 47.8; HRMS (EI): m/z
calcd for C26H26NO5 [M+H]
+ 432.1811, found 432.1820.
2.12. 3-Benzyl-1-(4-methoxyphenyl)-2-(p-tolyl)quinolin-4
(1H)-one (3f)
19 mg, 43% yield; white solid, m.p. 117.0–117.7 C; 1H NMR
(400 MHz, CDCl3) d= 8.63 (dd, J= 8.0, 1.2 Hz, 1H), 7.51–
7.33 (m, 2H), 7.18–7.06 (m, 3H), 7.06–7.01 (m, 2H), 7.01–
6.89 (m, 4H), 6.88–6.72 (m, 5H), 3.82 (s, 2H), 3.79 (s, 3H),
2.29 (s, 3H); 13C NMR (100 MHz, CDCl3) d= 159.1, 142.4,
141.5, 138.0, 132.5, 131.54, 130.9, 129.4, 128.6, 128.5, 127.8,
126.7, 125.4, 123.5, 121.6, 118.1, 114.4, 55.4, 32.7, 21.3 ppm;
HRMS (EI): m/z calcd for C30H26NO2 [M+H]
+ 432.1964,
found 432.1958.
2.13. Methyl 2-(((4-methoxyphenyl)(phenyl)amino)(p-tolyl)
methyl)acrylate (4f)
13 mg, 30% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.17–7.03 (m, 5H), 7.01–6.95 (m, 1H), 6.94–6.87 (m,
2H), 6.81–6.61 (m, 5H), 6.35 (s, 2H), 5.75 (s, 1H), 3.74 (s,
3H), 3.64 (s, 3H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3)
d= 168.4, 157.1, 149.7, 142.5, 139.3, 132.1, 129.9, 129.4,
128.9, 128.8, 128.7, 118.7, 116.5, 114.3, 55.4, 51.8, 47.8, 21.4;
HRMS (EI): m/z calcd for C25H26NO3 [M+H]
+ 388.1913,
found 388.1918.
2.14. 3-Benzyl-2-(4-isopropylphenyl)-1-(4-methoxyphenyl)
quinolin-4(1H)-one (3g)
16 mg, 21% yield; white solid, m.p. 175.9–176.5 C; 1H NMR
(400 MHz, CDCl3) d= 8.62 (dd, J= 8.0, 1.6 Hz, 1H), 7.49–Please cite this article in press as: L.-L. Liu et al., Reaction of aryne with aza-Morita–
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6.74 (m, 5H), 3.84 (s, 2H), 3.77 (s, 3H), 2.89–2.76 (m, 1H),
1.20 (s, 3H), 1.19 (s, 3H); 13C NMR (100 MHz, CDCl3)
d= 177.3, 159.1, 148.9, 142.4, 141.7, 132.5, 131.5, 131.0,
129.6, 128.6, 127.8, 126.7, 125.8, 125.3, 125.1, 123.4, 121.7,
118.1, 114.4, 55.5, 33.8, 32.6, 23.8 ppm; HRMS (EI): m/z calcd
for C32H30NO2 [M+H]
+ 460.2277, found 460.2285.
2.15. Methyl 2-((4-isopropylphenyl)((4-methoxyphenyl)
(phenyl)amino)methyl)acrylate (4g)
27 mg, 66% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.22–7.04 (m, 9H), 6.98–6.93 (m, 2H), 6.72–6.66 (m,
2H), 6.34 (s, 1H), 6.26 (s, 1H), 5.73 (s, 1H), 3.77 (s, 3H),
3.68 (s, 3H), 2.90–2.78 (m, 1H), 1.22 (s, 3H), 1.20 (s, 3H);
13C NMR (100 MHz, CDCl3) d= 168.4, 157.1, 150.2, 149.7,
142.5, 139.3, 132.5, 130.0, 129.0, 128.7, 128.5, 126.8, 118.6,
116.5, 114.3, 55.4, 51.8, 47.8, 34.0, 23.8; HRMS (EI): m/z calcd
for C27H30NO3 [M+H]
+ 416.2226, found 416.2232.
2.16. 3-Benzyl-1, 2-bis(4-methoxyphenyl)quinolin-4(1H)-one
(3h)
14 mg, 30% yield; white solid, m.p. 145.0–145.5 C; 1H NMR
(400 MHz, CDCl3) d= 8.61 (d, J= 8.0 Hz, 1H), 7.50–7.41
(m, 1H), 7.41–7.34 (m, 1H), 7.18–7.07 (m, 3H), 7.06–7.01 (m,
2H), 7.00–6.95 (m, 2H), 6.90–6.83 (m, 2H), 6.83–6.76 (m,
3H), 6.73–6.65 (m, 2H) 3.83 (s, 2H), 3.79 (s, 3H), 3.77 (s,
3H); 13C NMR (100 MHz, CDCl3) d= 177.3, 159.10, 152.5,
142.4, 141.6, 132.6, 131.5, 130.9, 130.8, 128.6, 127.87, 126.9,
126.7, 125.4, 125.1, 123.4, 121.9, 118.1, 114.5, 113.3, 55.4,
55.2, 32.6 ppm; HRMS (EI): m/z calcd for C30H26NO3 [M
+H]+ 448.1913, found 448.1909.
2.17. Methyl 2-((4-methoxyphenyl)((4-methoxyphenyl)
(phenyl)amino)methyl)acrylate (4h)
27 mg, 67% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.21–7.05 (m, 4H), 6.97 (d, 2H, J= 8.8 Hz), 6.82–6.62
(m, 7H), 6.37 (s, 1H), 6.27 (s, 1H), 5.73 (s, 1H), 3.78 (s, 3H),
3.74 (s, 3H), 3.68 (s, 3H); 13C NMR (100 MHz, CDCl3)
d= 168.5, 160.4, 157.2, 149.7, 142.4, 139.1, 131.8, 129.1,
127.5, 126.9, 118.7, 116.5, 114.2, 55.4, 51.7, 47.7; HRMS
(EI): m/z calcd for C25H26NO4 [M+H]
+ 404.1862, found
404.1869.
2.18. 3-Benzyl-2-(2-methoxyphenyl)-1-(4-methoxyphenyl)
quinolin-4(1H)-one (3i)
19 mg, 44% yield; white solid, m.p. 154.0–154.6 C; 1H NMR
(400 MHz, CDCl3) d= 8.62 (dd, J= 8.0, 1.6 Hz, 1H), 7.49–
7.33 (m, 2H), 7.23–7.15 (m, 2H), 7.14–7.02 (m, 3H), 6.99–
6.86 (m, 4H), 6.83–6.69 (m, 4H), 6.60 (d, 1H, J= 8.0 Hz),
3.87 (d, J= 14.4 Hz, 1H), 3.77 (s, 3H), 3.72 (d, J= 14.4 Hz,
1H), 3.44 (s, 3H); 13C NMR (100 MHz, CDCl3) d= 177.4,
159.3, 155.5, 142.5, 141.5, 132.3, 130.9, 130.7, 130.4, 129.5,
128.7, 127.6, 126.7, 125.1, 123.6, 123.2, 121.8, 119.9, 117.9,
113.9, 110.5, 55.4, 54.6, 32.6 ppm; HRMS (EI): m/z calcd for
C30H26NO3 [M+H]
+ 448.1913, found 448.1907.Baylis–Hillman adducts: Synthesis of 4-quinolones and N-arylation productsN-
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4 L.-L. Liu et al.2.19. Methyl 2-((2-methoxyphenyl)((4-methoxyphenyl)
(phenyl)amino)methyl)acrylate (4i)
22 mg, 55% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.20–7.06 (m, 4H), 7.01–6.90 (m, 2H), 6.83–6.63 (m,
7H), 6.55 (s, 1H), 6.35 (s, 1H), 5.77 (s, 1H), 3.80 (s, 3H),
3.75 (s, 3H), 3.67 (s, 3H); 13C NMR (100 MHz, CDCl3)
d= 167.1, 157.0, 156.7, 148.6, 139.9, 137.6, 130.3, 129.6,
128.7, 128.4, 127.1, 126.8, 120.1, 117.9, 116.7, 113.8, 110.2,
58.0, 55.3, 51.8; HRMS (EI): m/z calcd for C25H26NO4 [M
+H]+ 404.1862, found 404.1867.
2.20. 3-Benzyl-2-(3-methoxyphenyl)-1-(4-methoxyphenyl)
quinolin-4(1H)-one (3j)
16 mg, 23% yield; white solid, m.p. 69.0–69.7 C; 1H NMR
(400 MHz, CDCl3) d= 8.61 (dd, J= 8.0, 2.0 Hz, 1H), 7.51–
7.34 (m, 2H), 7.18–6.95 (m, 8H), 6.85–6.77 (m, 3H), 6.74–
6.69 (m, 1H), 6.60–6.54 (m, 1H), 6.44–6.34 (m, 1H), 3.97 (d,
J= 14.4 Hz, 1H), 3.78 (s, 3H), 3.69 (d, J= 14.4 Hz, 1H),
3.57 (s, 3H). 13C NMR (100 MHz, CDCl3) d= 177.4, 159.2,
158.8, 152.3, 142.4, 141.8, 135.5, 132.3, 131.5, 131.2, 130.9,
129.1, 128.6, 127.9, 126.6, 125.4, 125.1, 123.4, 122.0, 121.3,
118.0, 114.9, 114.5, 55.4, 55.1, 32.6 ppm; HRMS (EI): m/z
calcd for C30H26NO3 [M+H]
+ 448.1913, found 448.1909.
2.21. Methyl 2-((3-methoxyphenyl)((4-methoxyphenyl)
(phenyl)amino)methyl)acrylate (4j)
22 mg, 54% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.21–7.05 (m, 4H), 7.03–6.91 (m, 2H), 6.82–6.62 (m,
7H), 6.37 (s, 1H), 6.26 (s, 1H), 5.74 (s, 1H), 3.78 (s, 3H),
3.73 (s, 3H), 3.68 (s, 3H); 13C NMR (100 MHz, CDCl3)
d= 167.3, 157.2, 156.4, 147.9, 139.89, 136.8, 131.3, 129.8,
128.5, 128.3, 127.0, 126.6, 120.3, 118.0, 116.9, 113.6, 110.3,
57.8, 55.4, 51.9; HRMS (EI): m/z calcd for C25H26NO4 [M
+H]+ 404.1862, found 404.1869.
2.22. 3-Benzyl-1-(4-methoxyphenyl)-2-(o-tolyl)quinolin-4
(1H)-one (3k)
13 mg, 18% yield; white solid, m.p. 169.0–169.5 C; 1H NMR
(400 MHz, CDCl3) d= 8.62 (dd, J= 7.6, 1.6 Hz, 1H), 7.49–
7.35 (m, 2H), 7.15–6.98 (m, 7H), 6.96–6.87 (m, 4H), 6.80–
6.72 (m, 3H), 3.87 (d, J= 14.0 Hz, 1H), 3.77 (s, 3H), 3.63
(d, J= 14.0 Hz, 1H), 1.85 (s, 3H); 13C NMR (100 MHz,
CDCl3) d= 177.5, 159.3, 152.0, 142.5, 141.2, 135.5, 133.9,
132.1, 131.4, 130.2, 130.0, 129.5, 128.8, 127.7, 126.6, 125.4,
125.2, 123.4, 121.6, 120.7, 118.0, 114.5, 114.2, 55.4, 29.6,
19.6 ppm; HRMS (EI): m/z calcd for C30H26NO2 [M+H]
+
432.1964, found 432.1960.
2.23. Methyl 2-(((4-methoxyphenyl)(phenyl)amino)(o-tolyl)
methyl)acrylate (4k)
30 mg, 77% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.19–7.05 (m, 5H), 7.02–6.96 (m, 1H), 6.95–6.88 (m,
2H), 6.80–6.62 (m, 5H), 6.37 (s, 2H), 5.77 (s, 1H), 3.76 (s,Please cite this article in press as: L.-L. Liu et al., Reaction of aryne with aza-Morita–
arylation products –>, Journal of Saudi Chemical Society (2016), http://dx.doi.org/10.103H), 3.66 (s, 3H), 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3)
d= 168.3, 156.7, 149.6, 141.0, 139.9, 137.1, 134.0, 130.8,
130.0, 129.1, 128.7, 128.0, 125.6, 118.7, 116.9, 114.5, 55.5,
51.9, 48.1, 19.8; HRMS (EI): m/z calcd for C25H26NO3 [M
+H]+ 388.1913, found 388.1920.
2.24. 3-Benzyl-2-(3-chlorophenyl)-1-(4-methoxyphenyl)
quinolin-4(1H)-one (3l)
18 mg, 39% yield; white solid, m.p. 152.0–152.6 C; 1H NMR
(400 MHz, CDCl3) d= 8.63 (dd, J= 8.0, 1.6 Hz, 1H), 7.43–
7.29 (m, 4H), 7.16–7.09 (m, 4H), 7.01–6.97 (m, 4H), 6.87–
6.76 (m, 4H), 3.88 (d, J= 14.4 Hz, 1H), 3.79 (s, 3H), 3.75
(d, J= 14.4 Hz, 1H); 13C NMR (100 MHz, CDCl3)
d= 177.2, 159.4, 150.9, 142.3, 141.3, 135.9, 135.0, 133.9,
131.8, 131.0, 130.9, 129.8, 129.2, 128.5, 127.9, 127.7, 126.7,
125.1, 123.7, 121.6, 118.0, 114.5, 55.5, 32.4 ppm; HRMS
(EI): m/z calcd for C29H23ClNO2 [M+H]
+ 452.1417, found
452.1424.
2.25. Methyl 2-((3-chlorophenyl)((4-methoxyphenyl)(phenyl)
amino)methyl)acrylate (4l)
23 mg, 57% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.54–7.33 (m, 4H), 7.30–7.12 (m, 7H), 6.71–6.64 (m,
2H), 6.40 (s, 1H), 6.24 (s, 1H), 5.76 (s, 1H), 3.77 (s, 3H),
3.49 (s, 3H); 13C NMR (100 MHz, CDCl3) d= 167.9, 157.1,
149.5, 140.5, 139.3, 136.7, 134.4, 131.4, 129.7, 129.4, 128.8,
128.7, 127.4, 118.9, 116.7, 114.5, 55.4, 52.1, 47.7; HRMS
(EI): m/z calcd for C24H23ClNO3 [M+H]
+ 408.1366, found
408.1373.
2.26. 3-Benzyl-2-(3-bromophenyl)-1-(4-methoxyphenyl)
quinolin-4(1H)-one (3m)
22 mg, 28% yield; white solid, m.p. 150.0–150.8 C; 1H NMR
(400 MHz, CDCl3) d= 8.63 (dd, J= 8.0, 2.0 Hz, 1H),
7.50–7.45 (m, 1H), 7.42–7.37 (m, 1H), 7.36–7.29 (m, 1H),
7.18–7.10 (m, 3H), 7.06–7.02 (m, 2H), 7.01–6.95 (m, 4H),
6.90–6.83 (m, 2H), 6.82–6.77 (m, 2H), 3.89 (d, J= 14.4 Hz,
1H), 3.80 (s, 3H), 3.72 (d, J= 14.4 Hz, 1H); 13C NMR
(100 MHz, CDCl3) d= 177.3, 159.4, 150.8, 142.3, 141.3,
136.2, 132.7, 131.9, 131.8, 131.4, 131.0, 130.9, 129.4, 128.5,
128.2, 128.0, 126.7, 125.6, 125.1, 123.7, 121.9, 121.7, 120.7,
118.0, 114.8, 114.5, 55.5, 32.4 ppm; HRMS (EI): m/z calcd
for C29H23BrNO2 [M+H]
+ 496.0912, found 496.0919.
2.27. Methyl 2-((3-bromophenyl)((4-methoxyphenyl)(phenyl)
amino)methyl)acrylate (4m)
26 mg, 58% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.54–7.34 (m, 4H), 7.30–7.11 (m, 7H), 6.71–6.63 (m,
2H), 6.40 (s, 1H), 6.23 (s, 1H), 5.76 (s, 1H), 3.77 (s, 3H),
3.49 (s, 3H); 13C NMR (100 MHz, CDCl3) d= 167.9, 157.1,
149.5, 140.4, 139.2, 136.9, 132.3, 131.7, 131.4, 129.9, 128.8,
127.8, 122.5, 118.9, 116.7, 114.5, 55.4, 52.1, 47.6; HRMS
(EI): m/z calcd for C24H23BrNO3 [M+H]
+ 452.0821, found
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Synthesis of 4-quinolones and N-arylation products 52.28. 3-Benzyl-1-(4-methoxyphenyl)-2-(naphthalen-2-yl)
quinolin-4(1H)-one (3n)
18 mg, 32% yield; white solid, m.p. 171.0–171.6 C; 1H NMR
(400 MHz, CDCl3) d= 8.65 (dd, J= 8.0, 1.2 Hz, 1H), 7.84–
7.72 (m, 1H), 7.67–7.59 (m, 2H), 7.53–7.46 (m, 3H), 7.43–
7.36 (m, 2H), 7.12–7.05 (m, 5H), 6.99 (dd, J= 8.8, 3.2 Hz,
1H), 6.83–6.79 (m, 1H), 6.76 (dd, J= 8.8, 3.2 Hz, 1H), 6.67
(dd, J= 8.8, 3.2 Hz, 1H), 3.97 (d, J= 14.4 Hz, 1H), 3.68 (s,
3H), 3.66 (d, J= 14.4 Hz, 1H); 13C NMR (100 MHz, CDCl3)
d= 177.4, 159.1, 152.5, 142.5, 141.7, 132.5, 132.3, 131.8,
131.6, 131.1, 130.9, 129.4, 128.6, 128.2, 127.8, 127.6, 126.7,
126.4, 125.4, 123.5, 121.9, 118.0, 114.6, 114.4, 55.3,
32.6 ppm; HRMS (EI): m/z calcd for C33H26NO2 [M+H]
+
468.1964, found 468.1958.
2.29. Methyl 2-(((4-methoxyphenyl)(phenyl)amino)
(naphthalen-2-yl)methyl)acrylate (4n)
24 mg, 56% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.97–7.79 (m, 4H), 7.66 (d, J= 8.0 Hz, 1H), 7.61–7.44
(m, 3H), 7.24–7.17 (m, 2H), 7.08–6.98 (m, 2H), 6.92–6.73 (m,
5H), 4.75 (s, 2H), 3.81 (s, 3H), 3.69 (s, 3H); 13C NMR
(100 MHz, CDCl3) d= 168.3, 157.1, 149.6, 142.5, 139.3, 133.2,
133.1, 132.4, 129.9, 129.6, 129.0, 128.8, 128.6, 128.2, 127.6,
126.9, 126.5, 118.8, 116.7, 114.4, 55.4, 51.9, 47.8; HRMS (EI):
m/z calcd for C28H26NO3 [M+H]
+ 424.1913, found 424.1919.
2.30. 3-Benzyl-1-(4-methoxyphenyl)-2-(naphthalen-1-yl)
quinolin-4(1H)-one (3o)
20 mg, 28% yield; white solid, m.p. 219.2–220.0 C; 1H NMR
(400 MHz, CDCl3) d= 8.67 (dd, J= 8.0, 1.6 Hz, 1H), 7.77 (d,
J= 8.0 Hz, 1H), 7.72 (d, J= 8.0 Hz, 1H), 7.56–7.20 (m, 7H),
7.06–7.00 (m, 5H), 6.84–6.70 (m, 4H), 6.37 (dd, J= 8.8,
2.8 Hz, 1H), 4.08 (d, J= 14.4 Hz, 1H), 3.64 (s, 3H), 3.26 (d,
J= 14.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) d= 177.3,
159.1, 150.9, 142.7, 141.4, 133.0, 132.0, 131.6, 131.5, 131.1,
130.9, 129.5, 129.4, 129.1, 128.7, 128.6, 128.3, 127.7, 126.8,
126.7, 126.1, 125.4, 125.3, 125.1, 124.5, 123.6, 122.6, 120.7,
118.1, 114.5, 114.3, 113.6, 55.3, 32.5 ppm; HRMS (EI): m/z
calcd for C33H26NO2 [M+H]
+ 468.1964, found 468.1958.
2.31. Methyl 2-(((4-methoxyphenyl)(phenyl)amino)
(naphthalen-1-yl)methyl)acrylate (4o)
11 mg, 27% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 8.04 (d, J= 8.0 Hz, 1H), 7.87–7.82 (m, 1H), 7.70 (d,
J= 8.4 Hz, 1H), 7.57–7.45 (m, 3H), 7.31 (d, J= 8.0 Hz,
1H), 7.18–7.12 (m, 2H), 7.04 (s, 1H), 6.41 (s, 1H), 5.73 (s,
1H), 3.72 (s, 3H), 3.67 (s, 3H); 13C NMR (100 MHz, CDCl3)
d= 167.2, 156.8, 148.3, 142.0, 136.9, 134.5, 133.8, 131.7,
130.4, 128.8, 128.7, 128.6, 128.3, 126.6, 126.4, 125.6, 125.1,
123.8, 118.3, 116.1, 113.8, 60.2, 55.3, 52.0; HRMS (EI): m/z
calcd for C28H26NO3 [M+H]
+ 424.1913, found 424.1922.
2.32. 3-Benzyl-1-(4-methoxyphenyl)-2-(thiophen-2-yl)quinolin-
4(1H)-one (3p)
11 mg, 22% yield; white solid, m.p. 84.0–84.7 C; 1H NMR
(400 MHz, CDCl3) d= 8.61 (dd, J= 8.0, 1.6 Hz, 1H), 7.51–Please cite this article in press as: L.-L. Liu et al., Reaction of aryne with aza-Morita–
arylation products –>, Journal of Saudi Chemical Society (2016), http://dx.doi.org/10.107.31 (m, 3H), 7.19–7.06 (m, 7H), 7.07–7.01 (m, 2H), 6.87–
6.79 (m, 4H), 6.66 (dd, J= 3.6, 1.2 Hz, 1H), 3.94 (s, 2H),
3.82 (s, 3H); 13C NMR (100 MHz, CDCl3) d= 159.4, 145.7,
142.7, 141.4, 134.2, 132.3, 131.8, 131.0, 130.4, 128.5, 128.0,
126.7, 126.4, 125.5, 125.0, 124.0, 123.7, 118.2, 114.4, 55.5,
33.0 ppm; HRMS (EI): m/z calcd for C27H22NO2S [M+H]
+
424.1371, found 424.1366.
2.33. Methyl 2-(((4-methoxyphenyl)(phenyl)amino)(thiophen-
2-yl)methyl)acrylate (4p)
18 mg, 48% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.87 (s, 1H), 7.54–7.48 (m, 1H), 7.35–7.31 (m, 1H),
7.26–7.18 (m, 2H), 7.14–7.07 (m, 1H), 7.04–6.94 (m, 2H),
6.89–6.76 (m, 5H), 4.74 (s, 2H), 3.79 (s, 3H), 3.64 (s, 3H);
13C NMR (100 MHz, CDCl3) d= 171.4, 155.7, 146.5, 141.9,
138.7, 131.0, 129.1, 127.3, 126.7, 124.7, 121.8, 121.3, 114.0,
55.4, 51.8; HRMS (EI): m/z calcd for C22H22NO3S [M+H]
+
380.1320, found 380.1328.
2.34. 3-Benzyl-1, 2-diphenylquinolin-4(1H)-one (3a0)
9 mg, 20% yield; white solid, m.p. 111.2–111.8 C; 1H NMR
(400 MHz, CDCl3) d= 8.62 (dd, J= 8.0, 1.6 Hz, 1H), 7.53–
7.37 (m, 2H), 7.34–7.25 (m, 3H), 7.22–7.06 (m, 8H), 7.05–
6.91 (m, 4H), 6.78 (d, J= 8.0 Hz, 1H,), 3.89–3.79 (s, 2H).
13C NMR (100 MHz, CDCl3) d= 177.5, 151.9, 142.0, 141.5,
139.7, 134.3, 131.5, 130.2, 129.7, 129.3, 128.6, 128.5, 128.3,
127.85, 127.82, 126.6, 125.4, 125.1, 123.4, 121.5, 117.9,
32.51 ppm; HRMS (EI): m/z calcd for C28H22NO [M+H]
+
388.1701, found 388.1710.
2.35. Methyl 2-((diphenylamino)(phenyl)methyl)acrylate
(4a0)
17 mg, 50% yield; yellow oil. 1H NMR (400 MHz, CDCl3)
d= 7.21–7.14 (m, 9H), 6.96–6.88 (m, 6H), 6.39 (s, 1H), 6.37
(s, 1H), 5.79 (s, 1H), 3.67 (s, 3H); 13C NMR (100 MHz,
CDCl3) d= 167.0, 146.6, 140.4, 138.6, 129.3, 128.7, 128.3,
128.2, 127.2, 123.3, 121.8, 64.2, 51.9; HRMS (EI): m/z calcd
for C23H22NO2 [M+H]
+ 344.1651, found 344.1657.3. Results and discussion
Our initial experiment began with the investigation of aryne
precursor 1a and aza-MBH adducts 2a. To our delight, with
3.0 equiv CsF as fluoride source, aryne produced in situ from
1a can react with 2a in acetonitrile efficiently, producing
4-quinolone 3a and N-arylation product 4a in 32% and 40%
yields, respectively (Table 1, entry 1). Encouraged by this
result, other fluoride sources were tested for the reaction.
KF/18-crown-6 and TBAT can promote the conversion of
aza-MBH adduct efficiently in short time and produce
4-quinolone and N-arylation product in high yields (Table 1,
entries 2 and 3). TBAF can promote N-insertion reaction of
aza-MBH adduct to afford N-arylation product 4a as major
product, but showed low efficiency for the formation of 3a
(Table 1, entry 4). Unfortunately, TMAF was proved to be
inefficient for the reaction (Table 1, entry 5). A brief screening
of reaction media revealed that THF and acetonitrile areBaylis–Hillman adducts: Synthesis of 4-quinolones and N-arylation productsN-
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Table 1 Evaluation of reaction conditions.a
OMe
NH O
PMP
TMS
OTf
fluoride source
solvent OMe
N O
PMP
+
N
O
PMP
1a
+
2a 3a 4a
Entry Additives Solvent Time 3a/yield (%)b 4a/yield (%)b
1 CsF CH3CN 4 32 40
2 KF/18-C-6 CH3CN 4 16 60
3 TBAT CH3CN 2 25 70
4 TBAF CH3CN 4 7 37
5 TMAF CH3CN 4 Trace Trace
6 CsF THF 4 27 48
7 KF/18-C-6 THF 4 20 70
8 CsF CH2Cl2 12 Trace Trace
9 CsF Toluene 12 Trace Trace
10 TBAT THF 2 36 60
11c TBAT/Cs2CO3 THF 2 32 55
12d TBAT, 4 A˚ MS THF 2 35 58
13e TBAT THF 2 37 59
14f TBAT THF 2 26 42
15g TBAT THF 2 20 50
16h TBAT THF 2 36 59
17i TBAT THF 4 17 49
a Reaction conditions: 1a (0.3 mmol), 2a (0.1 mmol), fluoride source (0.6 mmol), solvent (1.0 mL), room temperature.
b Isolated yield.
c Using 1.0 equiv Cs2CO3.
d Using 0.5 g 4 A˚ MS.
e Performed the reaction in refluxed THF.
f Performed the reaction at 0 C.
g Using phenyl group instead of PMP.
h 1a (0.2 mmol), 2a (0.1 mmol), TBAT (0.4 mmol).
i 1a (0.1 mmol), 2a (0.1 mmol), TBAT (0.2 mmol).
6 L.-L. Liu et al.suitable solvents (Table 1, entries 6–10). It’s reported [37] that
the addition of base and 4 A˚ MS can restrict the protonation
of aryne zwitterion and is favorable for cyclization reaction.
But to our surprise, when 1.0 equiv of Cs2CO3 or 4 A˚ MS
was added to the reaction as co-additive, no obvious improve-
ment of yields and chemoselectivities was observed (Table 1,
entries 11 and 12). Performing the reaction in refluxed THF
results in slight improvement of 3a/4a selectivity in 96% total
yield (Table 1, entry 13), while conducting the reaction at 0 C
lead to decreased conversion of 2a with no change of chemos-
electivity (Table 1, entry 14). When phenyl was used instead of
PMP as protecting group of the amino group, reduced selectiv-
ity of 3a/4a was observed (Table 1, entry 15). Interestingly,
reducing 1a to 2.0 equiv had no obvious effects on reaction
yields and selectivities (Table 1, entry 16). However, further
reduction of 1a to 1.0 equiv led to a dramatic decrease in yield
and chemoselectivity (Table 1, entry 17).
With optimized reaction conditions in hand (Table 1, entry
17), the generality of the reaction was next studied and the
results are summarized in Table 2. Both electron-
withdrawing and electron-donating group substitutedPlease cite this article in press as: L.-L. Liu et al., Reaction of aryne with aza-Morita–
arylation products –>, Journal of Saudi Chemical Society (2016), http://dx.doi.org/10.10aza-MBH adducts reacted with aryne well, providing
4-quinolones as well as the corresponding N-arylation prod-
ucts in high yields with moderate chemoselectivities (Table 2,
entries 1–9). The positions of substituents showed no obvious
effects on reaction yields, but with an irregular influence on
reaction selectivities (Table 2, entries 10–13). Intriguingly,
b-naphthyl aza-MBH-adduct proved to be a competitive reac-
tant, producing 3o and 4o in 32% and 56% yields, respectively
(Table 2, entry 14). However, when a-naphthyl analog was
used as substrate, the products 3p and 4p were obtained in
53% total yield with decreased selectivities (Table 2, entry
15). Notably, heteroaryl-derived aza-MBH adduct 2q was
proved to be good candidate, providing 3q and 4q in 22%
and 48% yields, respectively (Table 2, entry 16).
The structure of 4-quinolone 3a was confirmed by X-ray
crystal structure analysis (Fig. 1) [38].
Based on previous studies of N-insertion–cyclization reac-
tion [27–34] and ene reaction [39] of arynes, a plausible mech-
anism was proposed and depicted in Scheme 1. The amino
group of aza-MBH adduct reacts with aryne via insertion
reaction to form zwitterionic species I, which subsequentlyBaylis–Hillman adducts: Synthesis of 4-quinolones and N-arylation productsN-
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Table 2 Reaction scope.a
Ar OMe
NH O
PMPTMS
OTf Ar OMe
N O
PMP+
N
O
PMP
Ar
1a
+
3 4
THF, rt
TBAT
2
Entry Ar Time/h 3/yield (%)b 4/yield (%)b
1 C6H5 2 36 60
2 p-Cl-C6H4 2 36 56
3 p-F-C6H4 2 35 50
4 p-Br-C6H4 2 42 51
5 p-COOCH3-C6H4 3 32 58
6 p-CH3-C6H4 2 43 30
7 p-iPr-C6H4 3 21 66
8 p-OCH3-C6H4 2 30 67
9 o-OCH3-C6H4 2 44 55
10 m-OCH3-C6H4 9 23 54
11 o-CH3-C6H4 21 18 77
12 m-Cl-C6H4 3 39 57
13 m-Br-C6H4 3 28 58
14 2-naphthyl 2 32 56
15 1-naphthyl 18 26 27
16 2-thienyl 2 22 48
a Reaction conditions: 1a (0.2 mmol), 2 (0.1 mmol), TBAT (0.4 mmol), THF (1.0 mL), room temperature.
b Isolated yield.
Figure 1 X-ray crystal structure of 3a.
N Si +
TMS
TfO
Ar OMe
NH O
Ar OMe
NH O
N Ar
O
ene
reaction
σ-bond 
insertion
N Ar
O
cyclization
Ar OMe
ON
Ph
Ph
Ph
F
F
PMP
PMP
PMP
4a
I II
PMP
PMP
Scheme 1 Proposed mechanism.
Synthesis of 4-quinolones and N-arylation products 7undergoes nucleophilic addition with the ester group to pro-
duce intermediate II. The following ene-reaction of II with a
second molecular aryne produces the final 4-quinolone
product.Please cite this article in press as: L.-L. Liu et al., Reaction of aryne with aza-Morita–Baylis–Hillman adducts: Synthesis of 4-quinolones and N-arylation productsN-
arylation products –>, Journal of Saudi Chemical Society (2016), http://dx.doi.org/10.1016/j.jscs.2016.09.002
8 L.-L. Liu et al.4. Conclusion
In summary, we have demonstrated a fluoride-induced reac-
tion between aryne and aza-MBH adducts. The simple proce-
dure and mild conditions provide a novel protocol for the
synthesis of 4-quiolones and N-arylation products of aza-
MBH adducts [40]. Further studies of reactions between arynes
and other types of MBH adducts are ongoing in our
laboratory.
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